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Section 1 – Introduction
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T 
INTRODUCTION 
 
 
his Curriculum Frameworks Guide has been produced to 
assist Australian Universities in designing and offering 
programs and courses in Sustainable Energy. The guide is 
a result of an Australian Government Office for Learning 
and Teaching Innovation Grant involving teaching staff 
from five Australian Universities.  
 
  
 
“Curriculum renewal in higher education can be difficult, time-consuming, and arduous, but the payoff 
is a curriculum that is current, responsive, proactive and effective.” (ALTC Good Practice Report: 
Curriculum Renewal, Narayan and Edwards, 2011).  
 
Ongoing curriculum renewal is more difficult but vital for multidisciplinary courses preparing graduates 
to work in a specialised rapidly changing field. After more than 15 years of offering tertiary level 
“sustainable energy” qualifications in Australian Universities there was a clear need to assess how these 
courses are taught and develop curriculum frameworks to guide Universities designing/redesigning 
programs and courses to provide graduates with the relevant skills, knowledge and attributes 
(capabilities) seen by graduates and employers as required to work in this rapidly changing field.  
 
This guide presents the sustainable energy curriculum frameworks developed by the “Renewing the 
sustainable energy curriculum – providing internationally relevant skills for a carbon constrained 
economy” project, which was conducted over a two-and-a-quarter year period. 
 
The project was led by Murdoch University and brought together a team of team of academics from 
four other Australian Universities that have recognised courses or programs in sustainable energy to 
develop a set of curriculum frameworks for tertiary level sustainable energy programs. The project also 
sought to provide guidance relating to a number of key questions related to the design and delivery of 
the resulting programs and courses. The collaborators included The Australian National University, 
Queensland University of Technology, Murdoch University, The University of New South Wales and 
the University of South Australia.  
 
The main aim of the project was to scope and develop sustainable energy curriculum frameworks for 
Australian higher education Institutions that meet the needs of Australian and international student 
graduates and employers, both now and into the near future. This included: 
o Developing a list of sustainable energy skills, knowledge and generic graduate attributes 
required by employers, which were then formulated into curriculum frameworks. 
 
As well as developing the curriculum frameworks the project also aimed to gain an understanding of 
five key questions related to programme design and course delivery including:  
1. The mixture of inter/multi-disciplinary content vs specialised content that should be included in 
sustainable energy programmes.  For example how much and what type of policy and 
“enablers” content should be included as core content in sustainable engineering degrees and 
alternatively what type of technical knowledge should be included as core content in humanities 
courses with a focus on policy and enablers?  
2. Whether Universities should develop and offer specialist courses and programmes (e.g. BEng in 
Sustainable Energy) at undergraduate level versus embedding the relevant skills and knowledge 
into existing discipline training such as an existing Electrical Engineering or Power Engineering 
degree; 
3. The feasibility and desirability of providing sustainable energy teaching by face-to-face mode 
only versus online and flexible delivery; 
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4. The need for and amount of work integrated learning that is optimal, or acceptable during 
sustainable energy degrees and what type and level of involvement industry practitioners should 
have in the delivery of the courses;  and 
5. The need for and how to enable sufficient internationalisation of the curriculum and course 
content so that it meets the needs of international students studying in Australia or at affiliated 
international institutions and Australian graduates seeking to work overseas. 
The curriculum frameworks are designed to be relevant to specialist sustainable energy engineering and 
energy studies programmes, as well as conventional engineering, science and humanities programmes 
which have a sustainable energy focus or major. This guide presents the sustainable energy curriculum 
frameworks and accompanying advice on the five key questions related to the curriculum/programme 
design and course delivery.  
 
The research based approach used to develop the curriculum frameworks is described in more detail in 
Section 4:  
 
The finalised project materials and publications, including this one, are available from the project website - 
<http://www.murdoch.edu.au/projects/secfp/>. The website also contains a list of sustainable energy 
programmes offered in Australian Universities. 
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C
 
 
Curriculum Frameworks 
 
 
 
 
 
 
urriculum frameworks for Sustainable Energy programmes in 
Australian Universities 
 
  
 
 
 
Curriculum frameworks have been developed for sustainable energy programmes or qualifications at 
different levels within the Australian Qualifications Framework (AQF) including: 
1. Undergraduate sustainable energy engineering (e.g. BEng) courses with 
specialisations in renewable energy systems or energy efficiency;  
2. Postgraduate sustainable energy engineering coursework programmes (MEng) 
with specialisations in renewable energy systems or energy efficiency;  
3. Postgraduate science/technical coursework programmes (e.g. MSc) with 
specialisations in renewable energy systems, energy efficiency and carbon 
management; 
4. Postgraduate humanities, social science or business (e.g. MA or MBA) 
coursework programmes with a specialisation in policy and enablers; and 
5. Conventional engineering, science and humanities programmes with a sustainable 
energy focus or major;  
 
The relationship between the first four curriculum frameworks is shown in Figure 1.  
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Figure 1: Sustainable energy curriculum framework relationships. 
The need for degree or programme curriculum frameworks in four areas of specialisation 
was identified by analyzing the roles of existing sustainable energy graduates, the type of 
work they do and the areas in which they are employed. These areas have been determined 
to be: policy/enablers; renewable energy systems; energy efficiency and management; and 
the newly emerged area of carbon management. Working backwards from the fields of 
employment, the required knowledge and skills for each pathway were mapped in terms of 
graduate and discipline specific attributes (including prerequisites for entry) and sustainable 
energy capabilities (skills and knowledge) for undergraduate and postgraduate programmes. 
Based on feedback from surveys of graduates and industry the skills were classified as being 
at introductory level, medium level or advanced level, and either core or elective. The details 
of this process are presented in Section 4. 
No curriculum frameworks have been developed for specialised undergraduate 
“multidisciplinary Sustainable Energy” programmes as in their feedback graduates and 
industry representatives did not feel these types of programmes were best to train graduates 
at that level. Based on the analysis of roles currently undertaken by graduates and responses 
to the surveys curriculum frameworks have been developed for undergraduate Bachelor of 
Engineering degrees with specialisations in “renewable energy systems” and “energy 
efficiency”. Four curriculum frameworks have been developed for postgraduate masters by 
coursework programmes, suggesting which postgraduate programme type, structure and 
title provides the best pathway for each of the four specialisation roles graduates will work 
in. These frameworks include: 
• MA (two years) specialising in Sustainable Energy Policy and Enablers; 
• MEng/MSc (two years) specialising in Renewable Energy Systems; 
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• MEng/MSc (two years) specialising in Energy Efficiency; and 
• MSc (two years) specialising in Carbon Management. 
A curriculum framework has been developed at postgraduate level for the emerging role 
and area of “Carbon Management” as this was identified during the research for the project 
as a new distinct and growing role especially in the next 10 to 15 years. Although this is an 
overarching role, of which sustainable energy is a substantial but not the only part, it has 
been included in the project for two reasons: 
1. There is a very large amount of overlap between the capabilities required for carbon 
management and the three “sustainable energy” specialisation areas.  
2. There is no other field with which this emerging area can be better associated.  
One of the key aspects of the postgraduate curriculum frameworks is that each of the four 
areas of specialisation has its specific set of prerequisites and discipline specific capabilities 
that need to be attained before graduating in that specialisation. This has not been explicitly 
spelt out in existing programmes and provides a clear understanding for students who have 
trained at undergraduate level in a different discipline whether they can realistically train for 
a specific area, or what additional capabilities they may need to acquire in order to work in 
that area.  
The curriculum framework relationships map provides an overview of all four of the 
specialisations and how they relate to each other in terms of the common and distinct 
content covered in each area. Each specialisation has an overarching curriculum framework 
map which provides details of the programmes and further detail of the units that should be 
included in that programme. There are then a series of learning outcome maps showing the 
detailed learning outcomes associated with each unit. 
The Australian Qualifications Framework (AQF) requirements have been considered when 
developing these curriculum frameworks. The Masters courses presented in the frameworks   
are all Masters by Coursework and as such the only requirements for research or projects 
that the courses are required to fulfil are that “graduates will have undertaken a programme 
of structured learning with some independent research, and project work or practice-related 
learning”. Based on consultation with university representatives it was determined that a 
reasonable amount of research or project work typically included in a Masters by 
Coursework ranges from a half semester through to a full semester. Each Masters by 
Coursework structure has a Thesis/Research Project unit requiring a minimum of half a 
semester’s work. 
The structures presented in the curriculum frameworks are based on a “normal” student 
load being four units (sometimes called courses) per semester, which is the typical approach 
in most Australian Universities.  
The curriculum frameworks are presented in the following sub-sections by specialisation 
area and then a sub-section presenting curriculum frameworks for sustainable energy majors 
in conventional undergraduate or postgraduate degrees. The next sub-section presents a 
generic guide to interpreting and using the curriculum frameworks. 
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How to Use the Curriculum Frameworks 
 
 
 
How  
 
This section describes how to interpret and use each set of the curriculum frameworks.  
 
The curriculum frameworks are clustered by specialisation type with a set of curriculum 
frameworks for each specialisation. Each set of curriculum frameworks has an “overarching” map 
which shows the types of qualification (and roles) suited for each specialisation and a map of the 
skills and knowledge areas (clustered as units) that best make up the capabilities required to be 
taught in that specialisation and qualification. 
 
In the overarching map the individual skills and knowledge are clustered into coherent units and 
these are then arranged into three levels depending on the depth and level at which the unit 
content is covered. The three levels are introductory level, medium level and advanced level. Each 
overarching map also presents the pre-requisite knowledge and discipline specific capabilities that a 
graduate in that type of degree with that specialisation is expected to have (postgraduate degrees) 
or to acquire during the degree (undergraduate degrees). These maps are what programme 
coordinators use to inform the development of the programme structure. 
 
Each overarching curriculum map then has a set of “learning outcome” maps that detail the 
learning outcomes that should be in each “unit” in the overarching map. This is the detailed 
curriculum map for each type of degree/programme, showing what learning outcomes should be 
taught in each unit/course.  These learning outcome maps are what individual unit coordinators or 
teaching staff se to inform the development of what should be taught and what outcomes achieved 
in each unit. 
 
Figure 2 shows a typical overarching curriculum map, in this case for a specialisation in energy 
efficiency. Figure 3 then shows how to interpret the key parts of the overarching curriculum map. 
Figure 4 shows a typical learning outcomes map for the units in Figure 3.  
 
Figure2: Overarching curriculum framework map for an energy efficiency specialisation. 
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Figure 3: Explanation of major components of a typical overarching curriculum 
framework map using the example of the energy efficiency specialisation. 
 
 
Figure 4: A typical learning outcomes map for a MEng or MSc with the energy 
efficiency specialisation.   
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Figure 5 and Figure 6 show the link between the overarching curriculum frameworks and the 
associated learning outcomes maps.   
 
Figure 5: Linkage between the overarching curriculum framework map and the 
learning outcome maps.  
 
 
Figure 6: The linkage between the learning outcome map and the learning outcomes 
lists for each unit.  
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Curriculum Framework Set 1:  
Renewable Energy Systems 
 
 
 
he curriculum framework and set of curriculum maps in this section provide 
guidance for the development of programmes at undergraduate and 
postgraduate level specializing in renewable energy systems. 
 
 
 
 
 
 
Renewable Energy Systems Overarching Curriculum Framework Map 
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Bachelor of Engineering Specializing in Renewable 
Energy Systems 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of an undergraduate Bachelor 
of Engineering degree with a specialisation in renewable energy systems.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Learning Outcomes Maps 
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Master of Engineering or Master of Science Specializing 
in Renewable Energy Systems 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of a postgraduate coursework 
Masters of Engineering or Master of Science degree with a specialisation in renewable energy systems.  
 Learning Outcomes Maps 
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Curriculum Framework Set 2:  
Energy Efficiency  
 
 
 
he curriculum framework and set of curriculum maps in this section 
provide guidance for the development of programmes at undergraduate 
and postgraduate level specializing in energy efficiency. 
 
 
 
 
 
 
Energy Efficiency Overarching Curriculum Framework Map 
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Bachelor of Engineering Specializing in in Energy 
Efficiency 
 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of an undergraduate Bachelor 
of Engineering degree with a specialisation in energy efficiency.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Learning Outcomes Maps 
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Master of Engineering or Master of Science 
Specializing in Energy Efficiency 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of either a postgraduate 
coursework Masters of Engineering degree or Master of Science degree with a specialisation in 
energy efficiency.  
 
 Learning Outcomes Maps 
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Curriculum Framework Set 3:  
Policy and Enablers 
 
 
 
he curriculum framework and set of curriculum maps in this section 
provide guidance for the development of programmes at postgraduate 
level specializing in energy policy and enablers. 
 
 
 
 
 
Energy Policy and Enablers Overarching Curriculum Framework Map 
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Master of Arts Specializing in Sustainable Energy 
Policy and Enablers 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of a postgraduate coursework 
Masters of Arts degree with a specialisation in sustainable energy policy and enablers.  
 Learning Outcomes Maps 
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Curriculum Framework Set 4:  
Carbon Management 
 
 
 
he curriculum framework and set of curriculum maps in this section 
provide guidance for the development of programmes at postgraduate 
level specializing in carbon management. 
 
 
 
 
 
Carbon Management Overarching Curriculum Framework Map 
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Master of Science Specializing in Carbon Management 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of a postgraduate coursework 
Masters of Science degree with a specialisation in carbon management.  
 Learning Outcomes Maps 
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Curriculum Framework Set 5:  
Sustainable Energy Majors in Other Degrees 
 
 
he curriculum framework and set of curriculum maps in this section 
provide guidance for the development of sustainable energy majors in 
other conventional degrees.  
 
 
 
 
Sustainable Energy Major in Other Degrees Framework Relationships Map 
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Conventional Bachelor of Arts 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme 
coordinators and unit coordinators in the planning and development of a sustainable energy major in 
a conventional Bachelor of Arts or Bachelor of Business degrees such as Public Policy, Commerce or 
Economics. 
 Learning Outcomes Map 
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Related Bachelor of Engineering 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme coordinators 
and unit coordinators in the planning and development of a sustainable energy major in a related 
Bachelor of Engineering, such as Mechanical or Electrical/Power Engineering.  
 Learning Outcomes Map 
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Conventional BSc 
 
 
This set of curriculum framework learning outcome maps provides guidance for programme coordinators 
and unit coordinators in the planning and development of a sustainable energy major in a related Bachelor 
of Science degree, such as Environmental Science or Physics. 
 Learning Outcomes Map 
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Section 3 – Guidance on Five 
Key Questions Related to 
Programme Design and Course 
Delivery
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T 
Five Key Questions About 
Programme Design and  
Course Delivery  
 
 
his section provides guidance on five key questions 
related to programme design and the delivery of courses. 
 
 
 
 
In association with the development of the curriculum frameworks the project sought to determine 
the best approach to, and provide advice on, five key questions related to designing the sustainable 
energy programmes and delivering the skills and knowledge. These five key questions are: 
• The mixture of inter/multi-disciplinary content vs specialised content that should be 
included in sustainable energy programmes.  For example how much and what type of 
policy and enablers content should be included as core content in sustainable engineering 
degrees and alternatively what type of technical knowledge should be included as core 
content in humanities courses on policy and enablers;  
• Whether Universities should develop and offer specialist courses and programmes (e.g. 
BEng in Sustainable Energy) at undergraduate level versus embedding the relevant skills 
and knowledge into existing discipline training (an existing engineering electrical or power 
degree); 
• The feasibility and desirability of providing sustainable energy teaching by face-to-face 
mode only versus online and flexible delivery; 
• The need for and amount of work integrated learning that is optimal, or acceptable during 
sustainable energy degrees and what type and level of involvement industry practitioners 
should have in the delivery of the courses;  
• The need for and how to enable sufficient internationalisation of the curriculum and course 
content so that it meets the needs of international students studying in Australia or at 
affiliated international institutions, and Australian graduates seeking to work overseas. 
 
In order to gain an understanding of, and provide guidance on these questions the project took a 
three research pronged approach: 
• A review of best practice guides and other related publications from previous OLT projects; 
• Responses to questions related to these questions in the graduate and industry 
representative surveys; and 
• A survey of staff in selected international Universities offering well recognised or best 
practice sustainable energy programmes to see how they approached these questions in the 
offering of their courses. 
Inter/multi-disciplinary content vs specialised content  
A long running discussion in the sustainable energy area has been the amount of inter- or multi-
disciplinary knowledge vs specific specialised knowledge that graduates, particularly of technical 
programmes should have. It is commonly believed for example that industry think that sustainable 
energy engineers should focus on technical and engineering knowledge and not learn about energy 
policy or other enablers. This is particularly true where there is already a fairly crowded curriculum 
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such as in undergraduate sustainable energy engineering. On the other hand it is believed that 
graduates in policy and enablers do not need to understand renewable energy technology in any 
depth. 
It is necessary to gain a clear understanding of this before curriculum frameworks can be developed. 
Questions about this subject were included in the graduate and industry representative surveys. The 
responses showed that 76 per cent of all graduates and 74 per cent of engineering graduates believed 
that knowledge of policy and enablers was important or very important. Eighty six percent of all and 
66 per cent of engineering industry representatives believed that knowledge of policy and enablers 
was important or very important. These are similar percentages for the responses regarding 
knowledge of power generation technologies and higher than knowledge of transmission, storage 
and network systems. It is clear that existing graduates and industry believe that all graduates of 
sustainable energy programmes, whether technical or non-technical should have a good knowledge 
of policy and enablers. This feedback has been incorporated into the sustainable energy curriculum 
frameworks.  
It should also be noted that 94 per cent of all graduates and 95 per cent of all industry 
representatives surveyed believed that generic skills and professional attributes were important or 
very important.  
Europe has the most sustainable energy courses, a number of which are best practice. Some of them 
such as the course at the University of Oldenburg are more than 25 years old.  A review of leading 
masters, graduate and postgraduate courses in renewable energy in the IRENA Renewable Energy 
Learning Partnership (IRELP) global database has been undertaken by Volker Schneider [Volker 
Schneider 2013]. The review concludes that graduate and postgraduate programmes in renewable 
energy or specific fields (e.g. solar/PV/wind or geothermal) in Europe are very technical and 
engineering driven and focussed on real world environments. Courses in areas such as energy 
efficiency, industrial ecology, energy management and general sustainability are often more academic 
and multidisciplinary in nature. In these cases the curriculum is focussed on providing a broader 
conceptual and interdisciplinary approach to energy management and sustainability.   
Recommendation: All graduates of sustainable energy programmes, whether technical or non-
technical should have a good knowledge of policy and enablers and key technical knowledge. 
Knowledge related to both of these areas should be included in any sustainable energy programme 
or course curriculum. It is important to include, and make explicit in all programmes the required 
generic attributes and discipline specific capabilities needed to work effectively as a graduate in that 
area.  
Specialist undergraduate programmes versus embedding 
sustainable energy in existing discipline training  
As well as the knowledge content of courses it is important to understand the programmes or 
degrees that are seen by employers and graduates to be most likely to provide the skills and 
knowledge they need. In the Australian context, where the sustainable energy industry is still 
relatively small, although growing, it is important to understand which types of programmes will 
lead to good employability amongst graduates. For example is it better to develop and offer 
specialised sustainable energy engineering degrees or is it as good, or better, to offer a sustainable 
energy major/specialisation in a conventional engineering degree. Will a multi-disciplinary, non-
engineering undergraduate sustainable energy degree be seen as providing the skills and knowledge 
graduates need to work in the industry? This will in turn inform the types of curriculum frameworks 
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developed.  
Questions about this subject were included in the graduate and industry representative surveys. It 
was clear from the results that graduates (whether from engineering or multi-disciplinary 
programmes themselves) believed that engineering degrees (both undergraduate and postgraduate) 
were the ones most likely to provide the skills and knowledge needed by graduates in the sustainable 
energy industry. A similar view was held by industry representatives. Interestingly the graduates did 
not see significant difference between the suitability of specialised sustainable energy engineering 
degrees and those having a major in a conventional engineering degree. On the other hand more 
industry representatives believed that having a major in a conventional engineering degree was likely 
to provide the skills and knowledge needed. 
Specialist undergraduate multi-disciplinary (non-engineering) degrees were not seen as a good way to 
provide the necessary skills and knowledge. This is reflected in the offerings at Australian 
Universities where there are no longer any undergraduate multi-disciplinary sustainable energy 
degrees offered. A specialised postgraduate multi-disciplinary (non-engineering) degree was however 
seen as a good way of providing the skills and knowledge needed.  
These findings have been reflected in the new sustainable energy curriculum frameworks.  
Recommendation: Institutions should decide based on desired marketing position, capability, 
capacity and other considerations whether they wish to offer a specialist undergraduate degree in 
sustainable energy or offer sustainable energy as a major or stream within a conventional 
undergraduate engineering degree. There is no evidence from graduates or industry that one is 
better than the other for meeting the needs of, or gaining employment in, the sustainable energy 
industry.  There is no support in industry at this stage for a multidisciplinary undergraduate degree 
in sustainable energy, and this area of specialisation is best provided through a specialist 
postgraduate programme.  
Teaching by face-to-face mode only versus online and flexible 
delivery 
With the rapid growth of the internet and portable IT devices more and more students, especially 
postgraduate students, are seeking to have flexibility in the way in which courses and course content 
are delivered and accessed. There is ongoing debate in the University system about the increased 
adoption of more flexible and online teaching and learning methods.  
 
"Why in the world would students come along and sit in a passive lecture with 300 other 
students when they can access material online themselves. It makes no sense to me” 
Australian National University Vice-Chancellor Ian Young – The Age Oct 2nd 2012 
Murdoch University has been successfully offering its postgraduate multi-disciplinary Energy 
Studies programme online, without the need to attend campus, around the world for almost 
15 years. There are also a few programmes offered fully online in Europe.  
Blended learning, which mixes face-to-face and online learning is rapidly growing.  
Questions about the desirability of different modes of delivering course content were 
included in the graduate and industry representative surveys. Amongst the graduates blended 
learning was the most highly rated mode of delivery by both engineering and multi-
disciplinary graduates. In the industry survey conventional campus based face-to-face was the 
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most highly rated course delivery mode amongst engineers. Amongst multi-disciplinary 
industry representatives blended learning was the most highly rated mode of delivery.  
The review of the European IRELP database by Schneider (Volker Schneider, 2013) showed 
that close to 90 per cent of the courses are full-time with face-to-face instruction on campus. 
Approximately 10-15 per cent of programmes offer part-time study options combined with 
distance learning and online study resources. Relatively few “online only” courses exist I 
European institutions. Examples include: 
• The Master Propio on Renewable Energy of the University of Zaragoza; 
• The MSc in Renewable Energy  and Energy Management of the University of Ulster; 
and 
• The Online Masters in Photovoltaics offered by the University of Frieburg. 
 
Recommendation: Where possible Universities should strive to use blended learning to deliver 
their sustainable energy courses offering the increased flexibility this brings. There is also a place 
particularly for multi-disciplinary programmes to be made available fully online.  
Work integrated learning and involvement of industry in teaching  
For a practical industry focussed area such as sustainable energy graduates seek to have skills and 
knowledge that is relevant, current and prepares them for the workplace. Two key ways to assist this 
are to incorporate work integrated learning (WIL) into the curriculum and ensure that industry 
practitioners are actively involved in the teaching. In order assist Universities in how much WIL and 
industry involvement in teaching they should have this study has surveyed graduates and industry 
representatives to determine their recommendation. It has also reviewed the approach in other best 
practice programmes.  
According to Orrell [2011] in the ALTC “Good Practice Report: Work-integrated learning” the 
most common use of work integrated learning   
“is to describe different programmes where students engage with workplaces and communities as a 
formal part of their studies. Terms such as practicum, field-work, internships, cooperative education 
and clinical placement describe these programmes.” 
and  
“A commonly expected outcome of these student WIL experiences is gaining new knowledge, 
understandings and capabilities, and mastering skills considered essential to particular workplaces.” 
Some professions, such as Engineering have a formal requirement that graduates will undertake a 
minimum amount of internship during their undergraduate course.   
In order to provide currency and relevance to the knowledge and skills taught to graduates it is 
important to have industry practitioners involved directly in teaching and/or project supervision in 
sustainable energy programmes.  
Questions related to the importance of work integrated learning and direct industry practitioner 
involvement in teaching in sustainable energy programmes were included in the graduate and 
industry representative surveys.   
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Eighty seven percent of engineering graduates and ninety four percent of multi-disciplinary 
graduates rated work integrated learning (defined as placement for some period of time in a position 
in industry) as Very Important. Engineering graduates felt that between two and 12 weeks (mean of 
four weeks) should be required in a postgraduate (two-year coursework masters) degree. Multi-
disciplinary non-engineering graduates felt that between two and 12 weeks (mean of six weeks) 
should be required in a postgraduate (two-year coursework masters) degree. This was supported by 
industry who felt that even more time should be required for WIL with between four and 11 weeks 
(mean of 10 weeks) being required in a postgraduate (two-year coursework masters) degree. 
However when questioned approximately sixty five percent of engineering and multi-disciplinary 
non-engineering graduates felt their SE qualification /programme did not have enough adequate 
work integrated learning. Apart from undergraduate engineering sustainable engineering degree 
there is currently no requirement for WIL as part of any Australian sustainable energy courses, 
although it is encouraged. The IRELP database study by Schneider [Volker Schneider, 2013] found 
that most European sustainable and renewable energy programmes include an internship and close 
mentorship by academic staff. Based on the required internships and project work, many European 
masters programmes create strong ties between students and industry facilitating employment in the 
renewable energy sector upon graduation.  
It appears that there is a need to better, formally include and then appropriately support WIL in the 
curriculum of Australian postgraduate sustainable energy programmes.   
Eighty eight percent of engineering, multi-disciplinary graduates and industry representatives rated 
work direct teaching and/or project supervision by industry practitioners as Important or Very 
Important. However when questioned only 50 per cent of graduates (both engineering and multi-
disciplinary non-engineering) felt their SE qualification /programme had enough direct teaching or 
project supervision by industry practitioners. Again it appears that there is a need for academics and 
institutions to include more direct teaching or project supervision by industry practitioners in the 
delivery of their courses.  
It is acknowledged that the involvement of industry in either WIL or teaching/supervision activities 
is not always easy given the small and distributed nature of the Australian sustainable energy 
industry. Commitment and good relationship between academics in programmes and industry, 
coupled with an innovative approach will be needed. The curriculum frameworks reflect this 
identified need for WIL as a requirement within the programmes. 
Recommendation: All sustainable energy programmes, whether technical or non-technical should 
require and facilitate some form of work integrated, workplace based, learning into their 
curriculum, such as internship or industry based thesis. It is also important that industry 
practitioners have direct teaching and or project supervision involvement in sustainable energy 
programmes and courses. Strong ties between students and industry will facilitate better 
employment in the sustainable energy sector upon graduation.  
International relevance 
Australia is seen as a leading provider of sustainable energy training and has developed a number of 
globally pioneering sustainable energy University programmes. This attracts many international 
students to study in Australian institutions. A significant number of Australian students are also 
being employed and working internationally. If Australia’s University courses, and Australian 
graduates are going to remain internationally competitive it is important that they are internationally 
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relevant and internationalised. When the curriculum frameworks were developed it was important to 
ensure that they, and the graduates from them, are internationally relevant  
 
The survey asked graduates and industry representatives questions regarding the international 
relevance of existing Australian sustainable energy courses, and what if anything should be changed 
to make them more so if needed. Seventy six percent of Sustainable Energy Engineering graduates 
rated the skills and knowledge taught in their qualification as very internationally relevant. On the 
other hand only 36 per cent of multi-disciplinary course graduates rated their skills and knowledge 
as internationally relevant. About 52 per cent of sustainable energy engineering graduates felt their 
training would make then very sought after and employable overseas whilst only 33 per cent of 
multi-disciplinary graduates felt their qualification would make them employable overseas. The 
following quote from a sustainable energy engineering graduate seemed to reflect the view of many 
graduates. 
 
“Almost all the skills I learnt were very internationally relevant. However, further skills in addition to those learnt 
during my degree were also needed to before I was able to gain work overseas.”  
 
Several students suggested that the extra knowledge needed was local knowledge about local policies 
and rating tools which should not be taught in the degree, but picked up later as needed. Based on 
the feedback from graduates it appears that the current sustainable energy engineering courses are 
suitably internationally relevant and there does not need to be any significant revision or change to 
the current curriculums and units to address this.  
 
On the other hand the multi-disciplinary sustainable energy courses are not seen in their current 
form as being sufficiently internationally relevant. Some of the areas where they needed to be 
improved included: 
• Too local/Australian focused with very little from the rest of the world;  
• Too Remote area power supply (RAPS) based; 
• Need more contract and project management, that is transferrable skills; 
• A need to educate students on tools and software for employment not just providing 
knowledge. 
  
Based on the feedback of the graduates it appears that the current curriculums and courses of the 
multidisciplinary programmes need to be revised in order to more internationally relevant. In the 
words of one graduate they need:  
 
“a better learning curriculum that is both commercially relevant and recent.” 
 
 This feedback has been incorporated into the development of the curriculum frameworks. 
 
Recommendation: That the curriculum of all sustainable energy programmes whether 
Engineering or non-engineering should contain knowledge that is current and internationally and 
commercially relevant. 
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Section 4 – Approach and 
Methodology for Developing the 
Curriculum Frameworks 
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T 
Frameworks Development  
 
 
his section describes the approach and methodology used to 
develop the sustainable energy frameworks 
 
  
 
Methodology and Approach 
“Following a quality assurance model, curriculum design and change should be a combined effort of teaching 
staff, administrators, researchers, students and potential employers. Involvement of all stakeholders in the 
renewal process can produce an end result that is vital, practical and prepares graduates for immediate entry 
into a competitive workforce” 
ALTC Good Practice Report: Curriculum Renewal [Narayan and Edwards, 2011] 
In order to develop the final curriculum frameworks the project adapted and extended the approach 
of Dowling and Hadgraft [March 2013] used by them for Environmental Engineering degrees and 
established curriculum mapping approaches (such as that promoted by the University of West 
Florida - see http://uwf.edu/cutla/curriculum_map_graduate_ALP.cfm). The key elements of the 
approach to developing the final curriculum frameworks is summarised in the following figure. 
 
Figure 7: Schematic showing the framework, approach and process for developing the 
sustainable energy curriculum frameworks. 
 
The following section describes in detail the research based approach and techniques that were used 
to achieve the project outcomes. 
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Determining what knowledge and skills are required  
The first step in developing the curriculum frameworks was to develop an understanding of the 
knowledge (called technical capabilities by Dowling and Hadgraft), skills (called process capabilities by 
Dowling and Hadgraft) and the generic and discipline specific capabilities required by sustainable energy 
graduates working in the range of roles required by industry. These then needed to be presented in a 
manner that could be easily understood and commented on by industry and graduates. Research was 
undertaken to derive a catalogue of knowledge and skills taught in existing Australian and 
international sustainable energy programmes and courses as well as relevant sustainable energy skills 
reports. This included an extensive list of learning outcomes and objectives covering a wide range of 
knowledge and skills. Based on this research, the industry experience of the senior researcher and a 
workshop involving the project team members a set of sustainable energy “knowledge taxonomies” 
were developed. These taxonomies visually present in a diagrammatic form the range of knowledge 
areas considered to constitute “sustainable energy” and their relationship to each other. The 
overarching taxonomy diagram developed (Figure 8) shows seven main areas of sustainable energy 
knowledge. Each of these areas then has a set of sub taxonomy diagrams presenting the knowledge 
required in more detail. Figure 9 shows the relationship between the overarching taxonomy and the 
sub taxonomies, while Figure 10 shows an example of a sub taxonomy. The full sets of knowledge 
taxonomies with accompanying narrative are available from the project website 
<http://www.murdoch.edu.au/projects/secfp/>.  
 
 
Figure 8: Overarching sustainable energy knowledge taxonomy diagram showing the 
seven main knowledge areas. 
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Figure 9: Relationship of the overarching knowledge taxonomy to the sub taxonomies. 
 
 
Figure 10: Example sustainable energy knowledge sub taxonomy – industrial and 
manufacturing. 
 
Extending the framework and approach of Dowling and Hadgraft [March 2013] a set of draft skills 
and knowledge (or capability) “cloths” were developed. These cloths correspond to the process 
capabilities and technical capabilities sides of the Dowling and Hadgraft capability cube. The cloths 
present in a visual manner the type (core or elective) and level (introductory, medium or advanced) 
of knowledge required as horizontal bars and the types of skills required as vertical bars. Figure 11 
shows the overarching capability cloth. Figure 12 shows the relationship of the overarching 
capability cloth to the sub cloths. Figure 13 shows a typical capability sub cloth, in this case for 
Conventional and Established Renewable Energy Generation. 
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Figure 11: Overarching skills and knowledge cloth showing depth of knowledge for 
various sustainable energy areas for different discipline and role types.  
 
 
Figure 12: Relationship of the overarching capability cloth to the sub cloths. 
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Figure 13: Example capabilities cloth – established renewable energy generation. 
 
Figure 14 shows how to interpret the capability sub cloths. The skills are grouped in three 
conventional discipline areas (engineering, multidisciplinary/technical and business, humanities and 
social sciences) corresponding to the types or roles (shown on the bottom axis of the cloths) 
graduates are known to undertake. The colour shading (dark or light) of the horizontal knowledge 
bars shows whether the knowledge area is considered core (essential) or elective (required) and the 
thickness of the horizontal bars (thin, medium or thick) indicates the level (introductory, medium or 
advanced) of that knowledge.  
 
Figure 14: Explanation of major components of a typical capability sub cloth map 
using the example of the energy efficiency specialisation. 
 
Page 64 of 70 
 
There are seven sets of capability cloths, corresponding to the seven main sustainable energy 
knowledge areas in the taxonomy. These cloths are the core of the approach and enabled a 
framework for engaging with graduates and industry representatives about the type and depth of 
capabilities required by graduates. The full set of “skills and knowledge cloths” with accompanying 
narrative are available from the project website <http://www.murdoch.edu.au/projects/secfp/>.  
In order to develop curriculum frameworks for the programmes corresponding to range of 
multidisciplinary areas in which sustainable energy graduates work the approach in the Dowling and 
Hadgraft [2013] was modified to develop and differentiate a set of “generic” and “discipline” 
capabilities required by graduates. These generic (also known as generic attributes) and discipline 
specific capabilities were organised and presented in a taxonomy diagram similar to the knowledge 
taxonomies. In order to cover the range of roles potentially undertaken by sustainable energy 
graduates, as well as the generic capabilities (or attributes) required by all University graduates three 
sets of discipline specific capabilities were identified, corresponding to the three conventional 
discipline areas in the capability cloths – Engineering, multidisciplinary/technical and business, 
humanities and social sciences. The capabilities were derived from existing generic and discipline 
capability/attributes lists published by Universities.  The generic and discipline specific capability 
taxonomy diagram (shown in Figure 15) with accompanying narrative is available from the project 
website <http://www.murdoch.edu.au/projects/secfp/>. 
 
Figure 15: Generic and discipline specific capabilities taxonomy diagram. 
Ensuring the outcomes are relevant to industry  
In order to ensure the curriculum frameworks led to programmes and courses that train graduates 
with the knowledge and skills relevant to industry it was essential to have significant graduate and 
industry representative input. An online survey instrument (with some responder initiated follow up 
interviews) was used to validate and calibrate the draft capability cloths. The surveys developed by 
the project team were coded and administered online using Murdoch University’s well developed 
online survey system.  Separate surveys were used to acquire the response of graduates and those of 
the employers/industry representatives. Graduates were recruited by email by project team members 
at each member university based on contact details from alumni and graduate lists. Industry 
representative recruitment was done through key Industry associations who promoted the project 
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and survey to their members by email and newsletter. The online surveys also sought background 
information regarding the area of the industry in which they worked, the type of role they had and 
their responses regarding the five key questions about delivering the knowledge and skills. In light of 
the analysis of the detailed responses to the surveys (examples shown in Figures 16 and 17) the 
capability cloths were revised (calibrated).  
 
Figure 16: Results of the graduate survey showing which of the seven knowledge 
taxonomies were considered by them to be the most important for graduates to know. 
 
 
Figure 17: Example of the results of the graduate survey used to calibrate and finalise 
the capability cloths.  
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Mapping the curriculum frameworks 
The sustainable energy knowledge and skills and the generic and discipline specific capabilities were 
mapped into a set of draft curriculum frameworks for the relevant types and level of qualifications 
in the AQF that are typically offered by Universities. After identifying the types and levels of 
degree/qualification that correspond to the three discipline areas in the capability cloths, and 
feedback from graduates, a curriculum mapping approach similar that used by the University of 
West Florida and other Universities was used (see for example 
<http://uwf.edu/cutla/curriculum_map_graduate_ALP.cfm>). Five sets of curriculum frameworks 
have been developed for sustainable energy programmes/qualifications including: 
o Undergraduate sustainable energy engineering programmes (e.g. BEng) with 
specialisations in renewable energy systems or energy efficiency;  
o Postgraduate sustainable energy engineering coursework programmes (e.g. MEng) 
with specialisations in renewable energy systems or energy efficiency;  
o Postgraduate sustainable energy science/technical coursework programmes (E.g. 
MSc) with specialisations in energy efficiency and carbon management; 
o Postgraduate sustainable energy humanities and social science coursework 
programmes (e.g. MA) with a specialisation in policy and enablers; and 
o Conventional engineering, science and humanities programmes with a sustainable 
energy focus or major. 
 
Figure 18 shows the relationships between the four different programme curriculum maps (not 
including majors in conventional degrees) with some units common to all programmes and 
other units distinct to particular programmes. Figure 19 shows a typical overarching curriculum 
framework map (in this case for the energy efficiency specialisation) and Figure 20 shows the 
corresponding curriculum framework learning outcomes map. How to interpret these 
curriculum maps is explained in detail in Section 2 above.  
 
Figure 18: The curriculum framework relationships map. 
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Figure 19: A typical overarching curriculum frameworks map – energy efficiency. 
 
 
Figure 20: A typical curriculum frameworks learning outcomes map - energy efficiency. 
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Feedback derived from the graduate and industry surveys in regard to the five key questions relating 
to programme design and course delivery was considered when designing the curriculum 
frameworks. In particular this included:  
• The balance of inter/multi-disciplinary knowledge vs specialist knowledge (e.g. engineering 
technical knowledge vs policy enablers knowledge etc.);  
• The use of specialist undergraduate courses and programmes versus embedding skills and 
knowledge into existing discipline training (e.g. a specialised undergraduate course versus 
embedding in an existing engineering degree); and 
• Whether specialist programmes should be offered at undergraduate or postgraduate level; 
 
A number of well-known and respected sustainable energy programmes are offered by international 
Universities. In order to ensure that any best practice or lessons learned from the development and 
offering of these programmes was incorporated into the outcomes of this project a questionnaire 
survey was used. Email questionnaires and some follow up interviews (responder requested) were 
undertaken with key staff from a range of international institutions that have recognised sustainable 
energy programmes. The survey sought information about their programmes, their curriculum 
development and teaching/delivery approach as well as how they address the five key programme 
design and course delivery questions.  
 
The draft curriculum frameworks were refined at a workshop involving the project team members 
and were then trialed using the existing programmes at the member Universities. The curriculum 
frameworks and associated cloths and knowledge taxonomies were then circulated to key 
stakeholders, including the external reference group for review and comment. The finalised five sets 
of curriculum frameworks are presented in detail in Section 2 and are available from the project 
website <http://www.murdoch.edu.au/projects/secfp/>.  
 
The curriculum frameworks that have been developed and are reported in this document are seen as 
a work in progress and they will be refined and revised as feedback is received from the academics 
using them and other stakeholders. Any feedback should be provided via the contact details on the 
project website. 
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